In previous reports 1,2" results were presented which demonstrated that sera from patients acutely ill with different infections were capable of destroying hemolytic streptococci of the beta type. As measured by the methods which were employed for estimating the streptococcidal action, comparable tests performed with sera obtained from the same group of patients very soon after they had recovered, revealed the loss of the property responsible for the lethal effect. Furthermore, by the same technique, normal sera were found to be essentially devoid of streptococcidal action. In the selected patients whose sera were used in the studies, the findings indicated that the serological property responsible for the bactericidal action was evoked or greatly increased by acute infections but that when the stimulus of active disease was no longer present, the killing action of serum for hemolytic streptococci rapidly subsided in a few days to a minimal level characteristic of normal serum. It was noted, in addition, that the streptococcidal potency was greatest in samples of sera derived from patients with the most severe types of illness.
(Received for publication, August 3, 1937) In previous reports 1,2" results were presented which demonstrated that sera from patients acutely ill with different infections were capable of destroying hemolytic streptococci of the beta type. As measured by the methods which were employed for estimating the streptococcidal action, comparable tests performed with sera obtained from the same group of patients very soon after they had recovered, revealed the loss of the property responsible for the lethal effect. Furthermore, by the same technique, normal sera were found to be essentially devoid of streptococcidal action. In the selected patients whose sera were used in the studies, the findings indicated that the serological property responsible for the bactericidal action was evoked or greatly increased by acute infections but that when the stimulus of active disease was no longer present, the killing action of serum for hemolytic streptococci rapidly subsided in a few days to a minimal level characteristic of normal serum. It was noted, in addition, that the streptococcidal potency was greatest in samples of sera derived from patients with the most severe types of illness.
The observations were made with three different strains of hemolytic streptococci which were selected for the investigation because they differed in their sensitivity to the lethal effect of patients' sera. One strain (Sc) was uniformly highly susceptible; a second strain (Ba) was affected only by the most potent samples of sera; the third strain (Co) was intermediate between the other two. A subsequent report will describe other characteristics of a large number of strains in relation to susceptibility to sera. At the present time it may be stated that, although there were exceptions, strains freshly isolated from patients having very severe types of infection have usually proven to be most vulnerable.
In addition to factors with respect to the activity of serum in relation to the course of the disease, and the selection of test strains, and the quantitative proportions of serum and number of bacterial cells used in the experiments, 1 the phenomenon was further characterized by the fact that the availability or exclusion of air in performing the tests had a marked influence on the viability of the organisms. ~ It was demonstrated that when the serum-streptococcus mixtures were incubated anaerobically the killing action of patients' sera was markedly impaired or inactivated. This finding appeared to be of possible significance in relation to the underlying mechanism of the phenomenon, and suggested that factors pertaining either to the aerobic-anaerobic physiology of the cells or to the oxidation-reduction state of the active principle in serum were important in determining the results. In pursuing studies related to the nature of the streptococcidal phenomenon, additional data have been obtained which are contained in this report.
The findings to be presented deal with: (1) significance of hydrogen ion concentration in relation to the streptococcidal action of serum; (2) effect of reducing agents on the phenomenon.
Materials and Methods
The same experimental technique which was described in detail in the previous articles 1,2 has been regularly employed. By recapitulation, 1.0 cc. of serum was inoculated with a platinum loopful of an 18 hour broth culture. The full rounded drop used for inoculum contained approximately 800,000 to 1,000,000 organisms. The serum-streptococcus mixtures were kept in the water bath at 37.5°C. Determinations of viability or destruction of streptococci were made by subcultures taken at such intervals during incubation as were indicated by the particular experiment; usually 6 hours and 24 hours were found to be most convenient and adequate.
Subcultures taken immediately after the addition of organisms to serum have regularly contained so large a number of colonies that actual count was impractical. Consequently when the number of colonies in subcultures was sufficiently reduced to permit actual estimations, the reduction in viable organisms was obviously considerable. It should be emphasized that the technical methods, which were used to measure the presence or absence of bactericidal activity in the specimens of sera, have certain limitations. For example, in any test in which the number of colonies in subcultures was maximum (~), no quantitative differentiation was made, even though more detailed observations with appropriate dilutions would in all probability have revealed wide variations, referable to the extent of multiplication of the organisms above the number originally inoculated into serum. The results, obtained with normal sera and with other specimens inactivated by different methods although referred to as indicating the absence of killing power, are incomplete in accurate detail. In spite of the deficiencies just mentioned, the simple methods employed have served adequately in the studies of the serological property with which this series of articles deals.
Samples of sera were obtained from patients acutely ill with different kinds of infections. Since sera exhibiting a high degree of streptococcidal activity were usually required, preliminary tests of the samples were made, when possible, in order to insure satisfactory material. Consequently the patients from whom blood was obtained were selected on the basis of the severity of the infection. Specimens from cases of pneumonia have proven to be most regularly suitable and, for this reason, have been most frequently employed. When relatively large quantities of serum were required, the specimens from several different patients have been pooled.
One strain of hemolytic streptococcus of the beta type, designated Sc, has been used throughout the investigation. This strain is unusually highly sensitive to the streptococcidal action of serum and has given constant and uniform results.
Hydrogen ion determinations were made with Beckman's glass electrode pH meter which was calibrated daily by the use of accurately measured buffers. Other materials and methods will be described under the separate experiments.
Effect of Hydrogen Ion Concentration on Streptococcidal Action of Patients' Sera
As will be shown in the experiments which immediately follow, the hydrogen ion concentration of the specimens of sera may have, under certain conditions, a significant influence on the streptococcidal phenomenon and, conversely, the effect of the serum on the organisms may be followed by characteristic changes in the pH of the test material. The pH of serum is to a great extent conditioned by the C02 tension within it. In view of the fact that specimens, by giving off CO~, continually progress toward equilibrium with the external air,
the pH increases in alkalinity until the liberation of CO, from the serum ceases. The rate of exchange of COs is also influenced by the temperature, increasing within certain limits with increasing temperatures. Since the streptococcidal tests were done at 37.5°C. the thermal factor promoted the rate of change in pH which, as will be shown, required consideration. Data concerning this point will be given in the experiments which follow. Numerous determinations of pH have been made on both normal and patients' sera, which have remained in the ice box, before being used in bactericidal tests, for periods of time from less than 1 day to several days. The results varied from pH 8.0 in the fresh samples to 8.8 in the older ones. These figures represent, therefore, the range of hydrogen ion concentration which was characteristic of sera at the beginning of the usual tests made under aerobic conditions.
In the first experiments concerning the effect of hydrogen ion concentration, the pH of samples of serum from patients was arbitrarily adjusted to levels lower than those just mentioned. The results are given in Table I .
From the table it can be seen that adjustments of the hydrogen ion concentration in the acid direction had a marked effect on the killing power of sera. It should also be noted that abolition of the streptococcidal process did not occur at the same pH with each of the samples of sera. Repeated tests have indicated that inactivation of the active principle in sera of greatest potency requires a lowering of the pH to a greater degree than is necessary in order to produce the same effect in less active samples. For example (Table I) , the streptococcidal activity of serum from patient 1 was maintained when the pH was decreased to 6.8-7.0 but was lost when the change was extended to 6.4. On the other hand serum from patient 9 ( Table I ) was active when tested without arbitrarily changing the pH (8.0+) but inactive when lowered to 7.4 -7.2.
It should be emphasized that the hydrogen ion concentrations recorded in Table I represent the pH at the beginning of the experiments. Because of the fact that changes in hydrogen ion concentration may occur during incubation, repeated measurements have been made in order to determine the level of pH in relation to viability of organisms. Sterile specimens of sera both from patients and normal individuals have been used as well as samples into which streptococci were introduced. The following protocol illustrates the results. From this experiment, which is representative of other comparable tests, it can be seen that, during incubation, there is a progressively increasing alkalinity in the uninoculated samples of both normal and patient's serum. The findings represent the characteristic changes which occur in sterile serum during incubation at 37.5°C. It may be further noted that even in the test with patient's serum plus organisms the rise in pH was similar to that of the sterile specimens. However, the changes which occurred in normal serum containing streptococci did not parallel the findings obtained with the uninoculated sample, but continued at a lower level than the control tests for the first 6 hours of the experiment and, after 24 hours, had not risen to the degree found in the other tubes. The differences between the course of the changes in pH which occurred with the two samples of sera to which streptococci were added were secondary to the destruction, on the one hand, of the organisms by the patient's serum, and to their viability, on the other hand, in normal serum.
The limitations of the experimental methods which have been employed do not permit an exact correlation between the multiplication of organisms in normal serum and the changes in pH. However, it should be noted that the subculture taken after 24 hours incubation contained innumerable organisms even though the pH had risen to 9.15. In repeated tests with normal sera the final pH at the end of the experiment has been found to range from 8.8 to 9.2. With patients' sera which, on the other hand, caused extensive destruction of streptococci, the alkalinity after 24 hours rose to 9.2-9.5, the level regularly reached by uninoculated sera.
In view of the inconstancy of pH in the experiment just described, and since the final hydrogen ion concentration attained by patients' sera has been found to be relatively high even though organisms were added, additional tests have been carried out to determine the lethal effect exhibited by normal sera which had been adjusted to varying degrees of alkalinity. From these results it can be seen that when the pH was maintained above 9.1 during 24 hours of incubation, evidence of considerable destruction of organisms was demonstrable in the subcultures taken at the end of the test period. The findings serve to indicate the pH at which normal serum exhibits a bactericidal effect that can be attributed to the degree of alkalinity.
When the results obtained with normal sera which were rendered toxic by raising the pH, are combined with the data derived from tests with patients' sera which were inactivated by lowering the pH, the effect of varying degrees of hydrogen ion concentration on the results may be estimated. The inactivation of patients' sera (Table I) occurred in the acid range at levels varying from 6.4 to 7.2-7.4, depending upon the potency of individual specimens. In the alkaline range of pH, some degree of toxicity was demonstrable with normal sera maintained for 24 hours above 9.1. It should be emphasized that the findings just described refer to the hydrogen ion concentration to which sera were adjusted at the beginning of the experiments. In view of the fact that in the tests with patients' sera, the pH gradually rose sufficiently high to contribute possibly to the final injury of the organisms, the effect of pH as a supplementary factor arising during the test period required consideration. The experiments which immediately follow bear upon this point. Methods were employed which were directed toward maintaining a relatively constant pH during the period of incubation.
Results Obtained under Conditions by Which Relatively Constant pH Was Maintained
In attempts to perform streptococcidal tests under conditions of fixed hydrogen ion concentration, difficulties have been encountered which appear to be dependent, to a considerable extent, upon adventitious effects introduced by the various methods which were tried. For example, when buffer solutions, such as phosphate, were added to serum, irregular results were obtained which were related to varying degrees of sediment precipitated from the mixtures.
Up to the present time a relatively constant pH has been most satisfactorily maintained by the use of jars in which definite tensions of CO, were established. By this means, the hydrogen ion concentra-tions of the sera could be stabilized by equilibration with air containing a measured amount of CO2.
The jars which were employed had a single outlet from the top. Through a rubber tube attachment, the air in the jar was partially evacuated. By preliminary determinations, the amounts of CO2 necessary to obtain various levels of pH were measured by a mercury manometer connected to the outlet of the jar. For example, to maintain the pH of the serum at approximately 8.0-8.3 it was necessary to introduce into the evacuated jar sufficient CO, to register on the manometer an increase of pressure equal to 2.0 to 2.5 cm. of mercury. After the COs was introduced, the pressure within the jar was finally raised to atmospheric level by permitting air to enter. The rubber tubing was then clamped. The jars containing the sterile sera, distributed in 1 cc. amounts in separate tubes, were kept overnight to allow equilibrium to be established. They were opened the next morning, the inocula of streptococci were introduced, and the jars were again prepared as described. The pH in one tube of sterile serum was measured in order to determine the hydrogen ion level at the beginning of the experiment. It is interesting to note that when specimens of sera from different patients were placed in the same jar, the pH's of the separate samples were not always the same following the preliminary 18 hour period allowed for adjustment. However, by placing increments of the same serum in several different jars adjusted with different quantities of C02, the activity of the serum could be estimated at different levels of pH.
When readings and subcultures were made at 4 or 6 hours i t was again necessary to reopen the jars, make the tests, and prepare the jars for the subsequent incubation. These procedures were carried out with sufficient speed to minimize the duration of exposure to room atmosphere. Although the method just described possessed definite hmitations, the data gained from a number of experiments have been sufficiently satisfactory to be informative with respect to the significance of hydrogen ion concentration. However, it should be emphasized that the several manipulations which were necessary may, in some instances, have caused additional changes, the significance of which has not yet been established. Further studies, with the hope of perfecting the methods, are now in progress.
The results obtained with tests performed in closed jars are presented in Table II. The observations indicate the ranges of alkalinity in which the streptococcidal action of sera was demonstrable. Because the amount of the individual samples of sera was necessarily small, it has not been possible to make a sufficient number of tests with one specimen at different levels of pH to define sharply the border line of hydrogen ion concentration above which bactericidal action was demonstrable and below which no killing occurred. However, the results clearly keep a uniform pH during incubation, the bactericidal effectiveness of sera has been optimum at levels of hydrogen ion concentration above neutrality.
The findings recorded in Table II were obtained with specimens of serum which exhibited varying degrees of streptococcidal activity in the usual tests carried out under aerobic conditions. The differences in potency were also evident from the results obtained under relatively constant conditions within jars, as indicated by the different levels of hydrogen ion concentration required to inactivate the killing power of different specimens of serum. Serum 1, for example, remained potent in the range from 7.95 to 8.22. Serum 8, on the other hand, was not actively bactericidal in the higher range of 8.44 to 8.57.
It is interesting to note that in the aerobic tests concerning the effect of pH (Table I) , a decrease in the initial pH below neutrality was required to inactivate most of the samples of sera. In the experiments cited in Table II , abolition of killing power was effected by retaining the pH at a higher level throughout 24 hours. The apparent discrepancy appears to reside in the fact that in the aerobic tests the initial killing power of the serum was retained sufficiently well to exclude the lowering effect on pH of active bacterial metabolism. Consequently, the hydrogen ion concentration progressively increased and, as a result of the loss of CO2, reached the optimal degree for the effectiveness of the streptococcidal principle, and may have even continued into the range of alkaline toxicity which was characterized in the tests made with normal serum at pH 9.1+.
Effect of Conditions of Reduction (Anaerobiosis and Reducing Agents) on the Streptococcidal Activity of Sera
In a previous report s it was demonstrated that the streptococcidal action of patients' sera was inactivated when the tests were carried out under the anaerobic conditions afforded by a vaseline seal or an anaerobic jar. In pursuing the investigation of the possible influence of states of oxidation-reduction on the phenomenon, the effect of reducing agents on the killing power of sera has been tested. As will be shown later in this article, definite results were obtained. However, in considering the mechanism responsible for the effect, several factors need to be taken into account. For example, since hydrogen ion concentra-tion has been found to be significant, it has been necessary to make observations on the levels of pH in all the tests. For purposes of comparison, therefore, before presenting a description of the results obtained with chemical reductants, it is interesting to note the course of the changes in pH which occurred under the reduced state afforded by anaerobic conditions.
Significance of pH in Anaerobic
Tests.--In view of the fact that the methods employed to obtain anaerobiosis also retarded the escape of CO~ from serum, and for this reason prevented the usual increase in pH which occurred under aerobic conditions, anaerobic tests have been repeated with special consideration being given to hydrogen ion concentrations. The data derived from numerous preliminary observa: tions indicated that, when sera were inactivated by layering with a column of vaseline, the number of viable organisms present in subcultures made after 24 hours incubation was always considerably greater than the number present in subcultures from the aerobic tubes, but that the pH of the material in the anaerobic tubes at the end of the test period varied from the initial point to lower levels in the acid direction. Since the reduction in pH might possibly contribute to the inactivation, more detailed observations have been made with other samples of serum in an attempt to evaluate, if possible, the separate significance of the anaerobic effect and changes due to pH.
From the data given in the following protocol, the changes in pH which occurred under aerobic and anaerobic conditions, may be compared. The results demonstrate the fact that the pH in the tubes kept under anaerobic conditions did not rise as in the aerobic tests. Interest centered, therefore, around the question of whether the levels of pH in the sealed tubes were sufficiently low to account for the results on the basis of hydrogen ion concentration, per se.
A discussion of this aspect of the problem will be given later on in this article.
Effect of Reducing Agents on the Streptococcidal Activity of Serum
In continuing a study of the possible influence of oxidation and reduction on the bactericidal activity of sera, oxidizing and reducing agents have been added to test materials. With respect to oxidizing 
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For interpretation of figures, see footnotes to Table I. substances, the results have been irregular and difficult to evaluate, due, to a great extent, to the toxic effects on the bacteria of the materials themselves. Consequently, the findings, so far obtained, are too incomplete to justify presentation. Studies on this phase of the problem, which are now in progress, will be subsequently reported. In experiments in which reducing agents were added to sera, the most consistent and definite results have been obtained with glutathione and sodium ascorbate. The results are given in Table III. 0.5 • solutions of each of the materials were made in sterile distilled water and always used immediately after preparation. 0.1 cc. of each was added to 0.9 cc. of serum and well mixed, making a final concentration of 0.05 ~r. Organisms were introduced within a few minutes after the reducing agents were added. The pH of the solutions was always adjusted to approximately 8.2 to 8.6.
From the data presented in Table III , it can be seen that, in the majority of instances, the bactericidal property of the specimens of sera was either completely inactivated or markedly impaired by a 0.05 ~ concentration of glutathione or sodium ascorbate. Although the difference between the number of viable organisms present in subcultures from the sera alone and from serum-reductant mixtures is striking, the results do not indicate whether inactivation was dependent upon the reducing property of the reagents or upon some other possible chemical reaction involving the active serological principle. The complexity of the serum-streptococcus mixtures and other difficulties have rendered exact physical chemical measurements unsatisfactory. Consequently, conclusive evidence supporting one or the other possibility cannot, at present, be given.
An analysis of the results indicates that the effect on serum of each of the reducing agents is, in general comparable. However, the results obtained with glutathione and with sodium ascorbate have, in some of the tests, suggested individual differences. For example, in the experiments in which glutathione was used, inactivation appeared to be complete during the first 6 hours of incubation, but was not sustained for 24 hours as evidenced by the decrease in number of colonies obtained in subcultures made at the termination of the experiment. Since glutathione in normal serum exerted no demonstrable toxic effect on the organisms, the findings with patients' sera plus glutathione suggest that the reducing material may be decomposed by the living organisms, or by auto-oxidation, and that the late killing effect depends upon the reactivation of the streptococcidal property following the alteration of the inactivating agent.
In the tests in which the nullifying effect of sodium ascorbate was only partial, the incompleteness of inactivation was demonstrated by the fact that although ultimate growth of organisms occurred after 24 hours, the final result was preceded by a temporary drop in viable bacterial population.
In considering the mechanism by which both glutathione and sodium ascorbate alter serum, the ability of both substances to form complex compounds requires consideration. For example, the double bond present in the structure of ascorbic acid offers a possibility of chemical combination in the serum-streptococcus mixtures which may influence the phenomenon. In view of the possibilities from the standpoint of diverse chemical reactions, therefore, a final interpretation of the process by which the reagents inactivate the streptococcidal principle will require more detailed analysis. The findkigs presented in this article demonstrate, however, that marked alterations in the serological property responsible for the bacterial destruction result from the addition of chemical reductants to the test material.
In spite of the several aspects of the problem just referred to, when the results obtained by adding reducing agents to sera are taken in conjunction with the inactivating effect of anaerobiosis previously described, ~ the findings in both instances strongly suggest that the streptococcidal action of patients' sera may be influenced by conditions of oxidation-reduction. In this connection it is also interesting to note that in the tests in which the effect of the reducing agents was least marked, the sera which were used were especially potent in killing action. In the previous experiments carried out anaerobically, 2 it was also found that specimens of sera of greatest potency were less completely inactivated by excluding air than were samples of moderate activity. A general parallelism between the results obtained with reducing agents and those derived from tests performed anaerobically has characterized all of the observations up to the present time.
In the experiments in which reducing substances were added to sera, the factor of hydrogen ion concentration was taken into consideration. By properly adjusting the pH of the reducing materials before addition to serum, the hydrogen ion concentration of the tests was always comparable at the beginning of the experiments. The subsequent changes in pH of the sera, with and without the added reductants, seemed to be dependent upon the secondary effect referable to the viability of the streptococci. A detailed correlation of pH and number of living organisms is illustrated by the following findings. From the observations made with sterile specimens of serum plus glutathione it may be seen that the glutathione itself had a slight buffering effect on serum during incubation, since the pH in the uninoculated sample, containing the reductaat, in,creased more slowly than did the control and did not eventually reach the degree of alkalinity attained by the sterile serum. It should be further noted that, in the glutathione-serum preparation to which streptococci were added, inactivation of the bactericidal factor was evident by the innumerable colonies obtained at each subculture for 6 hours. The pH during these periods did not, however, increase as in the control serumstreptococcus mixtures. The findings at 24 hours indicated that some killing had taken place, possibly occurring as previously mentioned, after decomposition of the glutathione, and that the pH had according]y risen.
A limited number of aerobic experiments similar to that just described have been carried out using sodium ascorbate instead of glutathione. In the few instances in which hydrogen ion measurements have been correlated with survival of streptococci, the reductant has been found to exert a slight buffering effect, and the rise or fall in pH seemed to be conditioned by the number of viable organisms; subcultures of the serum-ascorbate mixtures contained several hundred to countless colonies, whereas in control tests, progressive destruction of the organisms occurred.
From an analysis of the findings with respect to the effect of anaerobiosis and of reducing agents, the problem arises as to whether the procedures which were used to obtain reduced conditions abolished the streptococcidal action of sera through inducing and maintaining a level of hydrogen ion concentration below the range of bactericidal activity, or whether factors pertaining to biological reduction were involved in the inactivation. In numerous attempts to gain information concerning the possibilities just mentioned, complexities have been encountered which have made an interpretation of the results difficult. In some of the tests, however, the inactivating effect of reducing agents and of anaerobiosis was observed at the same level of pH at which the organisms were destroyed by unaltered samples of the same serum. This was most often noted after periods of only a few hours incubation rather than after the complete 24 hours of the usual test. The following results illustrate the course of the experiments. In the measurements made at 6 hours, it may be noted that the pH in each set of tubes is essentially the same, but that a greater number of viable organisms have been recovered from the serum-glutathione and the anaerobic tubes than from the untreated serum in the jar. After 24 hours, however, the discrepancies in pH are significant and may be an important contributing factor. The fact that conditions which promoted the lowering of pH were uncontrolled has constituted one technical difficulty which makes an explanation of these results uncertain.
Although the observations just described are suggestive, it has been of interest to pursue further studies concerning this phase of the problem. As the investigation has progressed, the results obtained during 24 hours incubation have seemed to be conditioned by several factors which appear to be interdependent and each of which may vary during the prolonged test period. Contributing factors which require consideration are composed of, differences in the streptococcidal potency of individual samples of serum, differences in the range of pH at which samples of sera are primarily bactericidal, and effects referable to bacterial metabolism. Consequently, a final analysis of the mechanism, by which the additional factor contributed by oxidation-reduction affects the phenomenon, must await further study. Methods are, at the present tim'e, being developed, by which both the individual factors and their quantitative relationships are more satisfactorily controlled. The findings will be subsequently reported in detail.
DISCUSSION
With respect to hydrogen ion concentration, the results have indicated the effect of pH on the streptococcidal activity of sera and have defined the progressive changes in pH which occurred in the tests in relation to the destruction of hemolytic streptococci by patients' sera, and to the maintenance of viability or growth in normal sera.
By arbitrarily lowering the hydrogen ion concentration of patients' sera, a degree of acidity was reached which inactivated the streptococcidal property. Conversely, by increasing the pH of normal sera, a level of alkalinity was attained which was injurious to the organisms. The intermediate zone between the two extremes represented the levels of hydrogen ion concentration most favorable for determining bactericidal action.
However, even in tests which were begun in ranges of hydrogen ion concentration that avoided the primary effects of pH, subsequent changes were found to occur under aerobic conditions during the period of incubation. When the organisms remained viable, their metabolic activity impeded the spontaneous rise in pH characteristic of sterile serum during incubation. When progressive destruction of the bacteria occurred, an increasing alkalinity developed such as that observed in control specimens of serum which were uninoculated with organisms. The course of changes in pH was found to be, therefore, primarily dependent upon the streptococcidal activity of sera. By making repeated estimations during the test period, the pH, in many instances, was found to be sufficiently changed so that the hydrogen ion con-centration became a contributing factor in the effect of the serum on streptococci. With the rise in pH (9.2-9.5), which occurred during incubation in sera possessed of streptococcidal activity, a degree of alkalinity was reached, which, according to tests made with normal sera, may have contributed to the injurious effect of the former specimens. On the other hand, the viability and probable multiplication of organisms in normal sera served to maintain the pH at lower levels favorable for their survival.
In the observations, therefore, made under *aerobic conditions, in which the changes in pH were uncontrolled, the results illustrate the primary effect of the streptococcidal principle and the supplementary influence that may be introduced by the levels of hydrogen ion concentration.
In the light of the observations with respect to pH, it became necessary to control this factor in order to characterize more clearly the streptococcidal principle itself. The conditions were reasonably well fulfilled in experiments carried out in closed jars into which measured amounts of CO~ were introduced. In spite of certain technical difficulties, the results have indicated the approximate ranges of pH at which the bactericidal property was active under the experimental conditions which were employed. As in all the studies concerning the bactericidal activity of sera against hemolytic streptococci, differences in results were conditioned by the potency of individual specimens of serum. In the present experiments, maintenance of streptococcidal activity was most marked only in alkaline ranges but the optimal level differed with individual specimens of serum. The most potent samples of serum remained active at about pH 7.9-8.2. With specimens of sera of less potent killing power, activity was evident when the pH was kept constant between 8.4 and 8.8. It may be seen, therefore, that, with the special type of procedures employed in the tests, the streptococcldal activity of sera functioned best at alkaline levels but that the stronger the sample of serum the lower the pH could be adjusted without impairing the bactericidal effect.
As previously reported, 2 the inactivating effect of anaerobiosis on the streptococcidal phenomenon suggested the possibility that some factor relating to oxidation-reduction might influence the reaction. In studies directed toward the possible rSle of the oxidation-reduction potential numerous difficulties have been encountered pertaining to quantities and complexities of the biological materials used in the tests. Consequently direct and accurate physical chemical measurements have, up to the present time, not been satisfactory. Indirect evidence has been sought through the use of oxidizing and reducing agents, on the assumption that oxidation might enhance the bactericidal action which is effective under conditions of aerobiosis, and that a state of reduction might impair the activity in a manner comparable to the inactivating effect of anaerobiosis.
With respect to the effect of oxidizing agents, the materials so far tried have been found to possess some degree of bactericidal activity themselves. Consequently the data obtained up to the present time are too incomplete to warrant presentation. Further studies concerning this approach to the problem are now being pursued.
The results obtained when certain reducing substances, such as glutathione or sodium ascorbate, were added to serum demonstrated that these substances markedly impaired the streptococcidal activity of specimens of serum from patients in a manner comparable to that occurring anaerobically.
In view of the importance of hydrogen ion concentration, it was necessary to analyze the results obtained with reducing agents and with anaerobic conditions for the purpose of determining the extent to which pH contributed to the effect. In tests bearing upon this point the inactivating effect of states of reduction was observed, in some instances, at levels of pH at which bactericidal action took place in untreated increments of the same sera. However, in Other comparable tests, an interpretation of the results has been uncertain, due to variations in the results which were dependent upon the limitations of the experimental methods which were employed. Further studies are now in progress which are directed toward a complete analysis of the r61e of biological oxidation-reduction in relation to the streptococcidal action of serum.
SUMMARY
Aerobic Tests. Changes in pit Which Occurred during Incubation.--(a) The pH of sterile specimens of both normal and patients' sera increased, during 24 hours incubation, from 8.0-8.8 up to 9.2-9.6.
ACTION OF IR'UM_AN SERUM ON STREPTOCOCCI. III
(b) The pH of patients' sera, inoculated with hemolytic streptococci, progressed in the alkaline direction as did the sterile specimens.
(c) The pH of normal sera, inoculated with hemolytic streptococci, pursued a variable course at lower levels than the sterile specimens. The differences in the changes in pH which occurred in streptococcidal sera and in normal controls were dependent upon and secondary to the presence or absence of killing action in the specimens.
Aerobic Tests. Effect of Different Levels o/Hydrogen Ion Concentration, Adjusted at Beginning of Experiment, but Uncontrolled during Period of Incubation.--(a)
The streptococcidal activity of patients' sera was inactivated when the hydrogen ion concentration of the specimens was adjusted to levels ranging from 6.4 to 7.4. The inactivation of highly potent samples of sera required a greater reduction in pH than did specimens of moderate killing activity. (b) Normal sera, adjusted to pH 9.2 or higher, exhibited a relatively slowly acting bactericidal process, which seemed to represent the toxic effect of alkalinity.
Aerobic Tests. Effect of Glutathione and Sodium Ascorbate.--The
streptococcidal action of patients' sera was markedly impaired by the addition of reducing agents. The inactivation was, in general, comparable to that previously obtained under conditions of anaerobiosis. The results, suggesting that some factor pertaining to biological oxidation-reduction may influence the streptococcidal action of sera, have been discussed.
Tests Performed in Closed Jars by Means of Which Relatively Constant pH Was Maintained during the Period of Incubation.--Under the
experimental conditions which were employed, the effectiveness of the streptococcidal action of patients' sera was maintained only in alkaline ranges. The most potent specimens of sera were active at lower levels of pH (7.9-8.2) than were other samples (8.4-8.8 ).
All of the observations reported in this article were made with a strain of hemolytic streptococcus of the beta type, which is highly sensitive to the destructive action of serum from acutely ill patients.
